INTRODUCTION
The effects of gamma aminobutyric acid (GABA) upon electrocortieal aetivity have been studied by a number of workers1-5) with anesthetized or unanesthetized animals by applying the substance topically to the exposed cortical surface. A consistent finding has been obtained that when GABA acts upon the primary sen sory evoked potential consisting of a positive wave followed immediately by a negative wave of 10-30 cosec in duration, there occurs a rapid reversible abolition of the negative wave, with the positive wave unaffected or slightly increased in amplitude. Furthermore, the spontaneous spindling or the evoked recruiting response, both consisting of sharp, predominantly negative waves, has been found to turn into a train of positive waves under the action of GABA. Thus it seems well-established that the principal effect of this chemical substance upon electro cortical activity is a selective depressant action upon the sharp negative wave of 10-30 msec in duration, although Yamamoto and his co-workers') reported that the substance, when used in a high concentration, exerted a suppressing action upon the positive wave as well. GABA, for the use of topical application to the exposed cortical surface, was made 0.1 to 1.0% in concentration in a physiological saline solution.
Results
Throughout the present experiment it was unfailingly confirmed that upon topical application of GABA waves of the spontaneous spindling changed their polarity from negative to positive (phase-inverted spindling). In addition, there occurred very often spontaneous paroxysmal discharges which were most marked during lulls of the spontaneous spindling and were sustained indefinitely as long as GABA remained on the cortical surface. The amplitude of the paroxysmal discharges was as high as several hundred microvolts under most favorable con ditions.
Morphology of the GABA-induced paroxysmal discharge
Three typical patterns of the GABA-induced paroxysmal activity are reproduced in Fig. 1 application of GABA, which was also effective in reversing the phase of the sponta neous spindling (Fig. 2, B ). Then, a small amount of pentobarbital sodium was given to the animal intravenously. The result of deepening the anesthesia was such that the paroxysmal slow waves were markedly reduced in amplitude with a slight suppression of the phase-inverted spontaneous spindlings (Fig . 2, C ).
On the other hand, arousal of the lightly anesthetized animal was also found unfavorable to the appearance of the GABA-induced paroxysmal discharge . In the experiment shown in Fig. 3 , arousal was effected by applying high frequency electrical stimulation to the mesencephalic reticular formation through electrodes placed with the aid of a stereotaxic instrument. As will be seen from the control record obtained from the untreated cortical point (lower lines in Fig. 3 ), reticular formation stimulation resulted in suppressing the spontaneous spindling and evoking low-voltage, fast activity, thus producing the activated EEG. On the other hand the recording channel connected to the GABA-treated cortical point clearly showed that the pre-established paroxysmal discharges were completely abolished during EEG arousal and that they recovered hand-in-hand with the reappearance of the spindle activity (upper lines in Fig. 3 ). In the same way, spontaneous arousal or arousal due to peripheral painful stimulation was proved to be effective in suppressing the GABA-induced paroxysmal discharge. i. Effects of topical application of KCl. KCl of 1% in a physiological saline solution was applied to the cortical point which maintained the paroxysmal activity due to a pretreatment with GABA (Fig. 4, A & B) . Shortly after ap plication of KCl the paroxysmal discharges were considerably reduced (Fig. 4 , C), and one minute later, they almost completely disappeared (Fig. 4, D) . At this time there were still occurring the phase-inverted spindlings, which, however, disappeared in three minutes after applying KCl (Fig. 4, E) . This fact may sug gest that the GABA-induced paroxysmal discharge is one type of electrical activity probably independent of the spontaneous spindling.
úA . carotids were examined. On occluding the carotid on both sides, the phase inverted spindlings were promptly suppressed, with the paroxysmal discharges almost unaltered at least for a short while after the commencement of circulatory arrest (Fig. 5, C) . Continuing the circulatory arrest for about fifty seconds, both kinds of electrical activity were eventually abolished. When the carotids were reopened, the recovery of electrical activity was started within about twenty seconds (Fig. 5, D) . The course of the recovery was remarkable in that slow waves with characteristics of the GABA-induced paroxysmal activity preceded the spontaneous spindlings. The complete recovery of both kinds of electrical activity was attained about ninety seconds after reopening the carotids (Fig. 5,  E) . The fact that the tolerance to hypoxia or anoxia produced by the circulatory arrest is different between the paroxysmal discharge and the spontaneous spindling may again support our view that the neuronal mechanism involved in potential production may be different between the two types of electrical activity. In the experiment shown in Fig. 6 , recordings were made from two symmetrical points on both sides of the frontal cortex. First, it was ascertained that topically applied GABA exerted its action to about the same extent on both sides of the frontal cortex (Fig. 6, A & B) . Then, a part of the thalamus, including the rostral pole of the nucleus reticularis and the nucleus ventralis anterior, was destroyed on one side with the method of electrolytic coagulation with electrodes oriented stereotaxically. This part of the thalamus has been proved to be the origin of the fibers carrying impulses to the frontal cortex from the thalamic reticular system.8) Immediately following the thalamic lesion, it was found that not only the spontaneous spindling but also the GABA-induced paroxysmal discharge was almost completely abolished in the frontal cortex ipsilateral to the thalamic lesion (Fig. 6, G No marked efferent discharges occurred in association of paroxysmal activity of the motor cortex.
motor cortex. Adrian and Moruzzi10) were the first who observed the pyramidal efferent discharges waxing and waning in a close synchrony with the spontaneous spindle activity of the motor cortex. This can easily be confirmed, as is de monstrated in Fig. 7 where recordings were made simultaneously from the medullary pyramid of one side and its corresponding motor cortex. In this case the pyramidal efferent discharges were picked up by inserting a fine needle electrode into the medullary pyramid exposed by a ventral approach (Fig. 7, A) .
In connection with this fact we tried to determine relationship between the GABAinduced paroxysmal discharge of the motor cortex and the pyramidal efferent discharge. Though several efforts were made, there were found no marked efferent discharges of the pyramidal tract occurring in association with the par oxysmal activity produced by GABA on the motor cortex. In contrast with this, the spontaneous spindling, though inverted in phase by the action of GABA, never failed in being associated with the pyramidal efferent discharges. An example of the records showing this feature is reproduced in Fig. 7 , B.
DISCUSSION
Many reports on the effects of GABA upon electrocortical activity have been concerned mainly with the suppressing action upon the sharp negative wave of 10-30 msec in duration, both evoked and spontaneous. However, a few papers have been published suggesting that GABA acts to produce the cortical par oxysmal activity besides suppressing the sharp negative wave. Actually one of us (K. I.) noted in a collaborative study with H.H. Jasper that GABA, applied to the cortex of cats with partial destruction of the brain stem, sometimes induced "slow waves similar to those seen in EEG during sleep" . Working with succinylcholine-paralysed, unanesthetized cats, Purpura and his associates11)
described the action of GABA as being "to slow the rate and to increase the amplitude of spontaneous electrical activity". As mentioned previously, Echlin and Battista observed "large, rhythmic slow waves" when they treated with GABA the chronically neuronally isolated cortex of the monkey. According to Takahashi and his associates5}, the GABA-treated cortex of unanesthetized rabbits showed "positive waves" which so far as judged from their records, were as slow as 1 to 3 cps. Though different terms were used for expressing the potential pattern, the electrical activities described by these workers may probably be the same one, belonging to the category of paroxysmal activity. It seems that the paroxysmal activity as referred to in the above-cited papers is the one in which only the slow wave components are strongly activated, with the spiky ones developed very little. A typical example for this type of the paroxysmal activity has been illustrated in Fig. 1 , C. At any rate, it is to be noted that the success of the above-mentioned workers in producing the cortical paroxysmal activity was attained by avoiding the use of deep barbiturate anesthesia. Concern.in`; this point, the present experiment has firmly established that the anesthetic level must be adjusted properly in order to develop the GABA-induced par oxysmal activity to a maximal extent. 
STJMIIIARY
The effects of gamma aminobutyric acid (GABA) upon electrocortical activity were studied with lightly anesthetized cats by applying the substance in low concentrations (0.1-1.00,/0) to the exposed cortical surface.
Besides a suppressing action upon the sharp negative wave of 10-30 msec in duration, GABA ex hibited an effect of producing high-voltage, spontaneous paroxysmal discharges. We are indebted to Dr. Hajime Okamoto, Professor of Pharmacology of the University of Kanazawa Medical School, who kindly carried out chemical ex aminations of the sample of gamma aminobutyric acid used in the present ex periment. Thanks are due to Dr. Tomoaki Asano for his invaluable suggestions in regard to the manuscript. A part of the expense for this work was defrayed by a grant of the Ministry of Education.
